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0 A substrate for an optical element 

® A novel optical element substrate which comprises a random copolymer comprising, in specific weight 
proportions, a methyl methacrylate unit, an aromatic vinyl compound unit, an unsaturated aliphatic add unit and 
a hexagonal acid anhydride unit of the formula 



CO 
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The substrate has excellent heat resistance, thermal stability, transparency, resistance to scratching and 
metal layer corrosion preventive properties and exhibits advantageously \ow double refraction and warpage. 
The novel substrate can be advantageously employed as a substrate for an optical element such as an 
optical disc. e.g. a digital audio disc, a video disc and a disc capable of being directly read after recordina. 
a mirror, a lens and the like. 
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A SUBSTRATE FOR AN OPJICAtrELEMENT 



Field Of The Invention 



The present invention relates to a novel substrate for an optical element. More particularly, the present 
5 invention is concerned with an optical element substrate comprising a random copolymer comprising a 
methyl methacrylate unit, an aromatic vinyl compound unit, an unsaturated aliphatic acid unit and a 
hexagonal acid anhydride unit in specific weight proportions, which substrate has excellent heat resistance, 
thermal stability, transparency, resistance to scratching and metal layer corrosion preventive properties and 
exhibits advantageously low double refraction and warpage. The term -optical element substrate" as used 
10 herein defines a substrate body for an optical element. The term "optical element" as used herein defines 
all types of elements which utilize light transmission, refraction, reflection and other optical characteristics. 
Representative examples of optical elements Include an optical disc such as a digital audio disc, a video 
disc and a disc which is capable of being directly read after recording, a mirror, a lens and the like. The 
optical disc substrate according to the present invention is especially suited for a high-density information 
15 medium for use In a recording and playback apparatus. This apparatus converts analogue information into 
digital information and records the digital information in a recording medium at a high packing density by 
means of a laser beam. Further, due to tiie convenience and advantage of the apparatus, it has become the 
object of public attention. 



20 
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The term "optical disc" as mentioned above and used hereinafter defines an information disc which is 
read optically in reflection, and includes, for example a digital audio disc (DAD), a video disc (VD). a so- 
called direct read after write (DRANAO disc and a so-called erasable direct read after write (E-DRAW) disc. 

In a DAD, audio information, which has been finely divided into signals and converted into a binary 
number system of "0" and -1". is recorded, on a layer capable of reflecting. a laser beam. e.g,. a metal 
layer, as a relief structure having a crenellated profile of areas situated alternately at a higher and a lower 
level (information bits), sometimes termed blocks and pits. The relief structure is read by means of a laser 
beam, and the signals of the laser beam, according to the binary number system, are converted into 
electrical signals and then played back as sound. In general, such a disc having a relief structure of a metal 
layer capable of reflecting a laser beam, is obtained by molding a transparent resin into a disc-form 
substrate having a relief structure and. forming on the relief structure surface, a metal layer by vacuum 
evaporation coating or the like. 

Image information can likewise be recorded as a relief structure on a metal layer capable of reflecting a 
laser beam to give a VD. 

Computer programs and data can also be recorded on an optical disc as relief structures, to give an 
optical disc which is usable as an information disc of computer programs and data. Discs such as 
information discs for computers or a disc which is capable of being directly read after writing or recording 

40 (DRAW disc), are especially drawing attention. Further, an optical disc which is capable of being written on 
and erased [erasable direct read after write disc (E-DRAW disc)] is now being developed. In the field of 
DRAW discs, tiiere are employed various types of recording layers. Examples of such recording layers 
include (1) a layer in which holes are formed by in-adiation of a laser beam. (2) a layer in which formation of 
bubbles by inadiation of a laser beam is utilized, and (3) a layer in which the magnetic direction is changed 

45 by irradiation of a laser beam. The recording layer of the above type (3) is usable for E-DRAW discs. 

To read the relief structure in the above-mentioned various optical discs by means of a laser beam, the 
laser beam interference, which is caused by the phase difference between a laser beam directiy incident on 
a detector and a laser beam traversing the substrate and reaching the detector, must be detected. 
Therefore, tiie resin to be used as tiie material for a substrate for optical discs must satisfy the following 

50 requirements: 

(1) the resin must have a high laser beam transmission; 

(2) after the resin has been molded into a disc substrate, the orientation of the molecules in the resin 
must be small so that tiie double refraction of the laser beam is small; 

(3) after the resin has been molded into a disc substrate, tiie refraction index of tiie resin must not 
vary over the disc; 
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disc: and 

to 



(4) the resin must not contain contaminants; 

(5) the resin must have good heat distortion resistance; 

(6) the resin must be susceptible to good vacuum evaporation of a metal' 

(8) the resin must have good adhesion to a reflective layer, 

(9) after the resin has been molded into a disc substrate, the thickness must be uniform over the 

(10) after the resin has been molded into a disc substrate, the disc must be stable with resoect to 
freedom from warpage with the passing of time. respect to 

In addition to the above requirements, the resin should not contain impurities such as the oolvmeriza- 
tion solvent, and should not be hydrolyzable. poiymenza 

r,iJ!^Hl°*°'^' P°'y"'^!*'y' '"ett'acrylate (PMMA) has been used as a material for substrates for ODtical 
d.scs However, the moisture absorption of PMMA is high and, hence, an optical disc utilizing PMMA 2 the 
TnT f '1 ""'''^^'^ ^"""^ ""^^ »° Absorption Of moisZ b? ^e substrate 

rom a pmma"""''' ""^^^'^ ^ disc in which a LSra e r^aS 

IZL T " ' '"^'"9 sood barrier properties to water, such as po^vlnylSene 

chloride. However, for preparing such a disc, a troublesome step is required poiyvinyiioene 

A polycarbonate resin also has been used as a material for a substrate for optical discs Howe««r »h« 

dKJhIoromethane which would deteriorate the reflective layer. The contamination of the substrate ^th 
chromium is caused during the molding of the resin which is usually conducted at high temSratu^s Te 
the ^^mTJ 'l^'^TV' by the'dlchloromethane tl^n used a^ 

25 ^n^\Tn J substrate made of the polyc^ 

trSfJnZ' r h" wf"'"" f^y^^^'y-^d. this would lead to a deterioration of the a^hestn of 
the. reflective layer which is adhered to the substrate. -"'■^'oiwn oi 

/m^i^TmL?"''?' ^^"^ proposed in which a copolymer of methyl methacrylate and styrene 
(methyl methacrylate/styrene = 60/40 or 30/70 by weight) is used as the material for substrateVfcSe 
30 STThrT ^"1:'=?°" "^'^-^P^" Specifications Nos. 57-33446/1982 and 57^621^/19^ hSw^^^^^^ 

..Ju^ inventors previously proposed an optical disc substrate made of a resin comprisina a 

copolyr^er of a methacrylic acid ester and a monoalkenyl aromatic compound (seeXSeTpatem 
3S reTutrntsiroro^h'""^^^^^^^^^ ™« -''^'^^te sutsZ,^,^'::^^Z7rst^S^^ 

S Lu^lii t ° r l ^ * °* However, it is difficult for 

^ick^eroM? mr^, : Tf^''' requirements for DRAW discs having a diameter of 300 mm and a 
threkness 0 1.2 mm. Illustratively stated, due to the increased diameter of DRAW discs the distance in 

Of S ml t^c^mt' r''" '^'^^^ portio'to 'th?ed?e^"on 

40 moZ^^f^r^H^t."^ T''T °' of DADS. Thus, the orientaL^f the 

iT ,f , ? J ®" ''•'^'y ^'^'^'^ 's^ds to an increase in double refraction Therefore it 

hin 'i?"''^*^ ""^^^ »° ''^^^ A '='°"'"e refraction as small as i nrn oMess iudh 

being required as the standard value for DRAW discs, and further as small as 20 nm or le^ such S 
required as the standard valije for E-DRAW discs. ^ 
« ^o^?'* "^^t®"! *"'^^«r proposed an optical disc substrate made of a resin comprisina a ' 

SSs brwerohroflll?"'', <=°P0'y---9 40 to 70 parts by weight of methyl mercryTaTeTt^^S 
cSln atomf InH if 1 ' '^^^^'y"'^ « ^^^'^^^^ aliphatic monohydric alcohol having 3 to 6 

^lufcn Ssirof I ; ia ""^ °' ' monoalkenyl aromatic compound, the copolymer having a 

me?hTj^h„?!L^ !, !, ^ ""^"^"'^^ 2^ °^ ^««P^* *o a 10 % solution of the copolymer in 
.o nti n ^^'^y' having a double refraction of 100 nm or less (see Japanese Patent Application 

50 Laid-open .Specification No. 59-108012/1984). This substrate is satlJactory ird^uble rSrSon^^^^ 

S^urirf H> °^ "'at creeping is !iS5? to 

Also L rSc^c!;^ ''f substrate is leaned and stored for a long period of time under wL condiJons 
55 been nSn?.pd f ^ "^^'^ ^^"^ Application Uid-open Specification No. 60-133004/1985. it has 
55 oeen proposed to employ as an optical high-density information recording medium a resin of a cooolvmer 
compnsing a methyl methacrylate unit, an ester unit as obtained by esteriflcation of mXr? ic S5 S a 
f H "rT"^"^ ^"^^""^ 3 to 6 carbon atoms, a monoalkenyn^^matirunr a^ 

unsaturated aliphatic acid unit and/or a hexagonal acid anhydride unit. The deformation tempeS^re o, tfS 
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resin is as low as 70" to 85 °C, presumably due to the incorporation into the resin of Cs-Ce ester units in an 
annount as large as from 4 to 16 % by weight, based on the weight of the resin. Accordingly, when an 
optical disc comprising this resin as a substrate is mounted on a hardware having recording and playback 
functions and operated over a prolonged penod of time, thereby causing the temperature of the disc to 
Increase up to, for example, about 60 *C or more, warpage of the disc occurs. This warpage adversely 
affects the recording and playback of the hardware. 

With respect to a mirror, the conventional process for manufacturing the same comprises applying a 
reflective metal layer to the whole reverse side of a glass substrate according to any one of the vacuum 
evaporation coating technique, sputtering technique, ion plating technique and the like, optionally followed 
by further application of a protective layer. Recently, the employment of plastics as a minror substrate in 
place of glass has become desired in the art, especially in the field of a mirror for vehicles, due to the 
advantages of the plastic substrate in lightweightness. mass production facility and impact resistance, as 
compared with the glass substrate. The demand for a plastic mirrof is rapidly increasing since in the case 
of a plastic mirror, it is more facile to meet the recent requirements for a color mirror and a mirror endowed 
with anti*glare properties, 

A representative example of the plastics employed as a substrate for a plastic mirror is a polymethyl 
methacrylate resin. However, this resin is by nature hygroscopic. Therefore, the mirror as fabricated by 
applying a non-hygroscopic reflective layer of a metal to the surface of one side of the polymethyl 
methacrylate substrate inherently has a problem of warping due to the absorption of moisture from the open 
side of the mirror remote from the reflective layer. Accordingly, the use of the plastic substrate is limited, 
and In particular/ this substrate has not yet been realized as being acceptable as a mirror substrate in 
vehicles. 

With respect to a lens, as In the case of a min-or. the demand for a plastic product is rapidly increasing 
due to its advantages in lightweightness and mass productivity. Representative examples of the plastics 
employed for a plastic lens are a polymethyl methacrylate resin, a polycarbonate resin and an allyldiglycol 
carbonate resin. The polymethyl methacrylate resin is highly hygroscopic and hence has poor dimensional 
stability, so that lenses comprising the resin as a substrate cannot be suitably employed in a precision 
optical instrument. The temperature up to which the polymethyl methacrylate resin is heat resistant is only 
about 80* to 90 *C. even under absolute dry conditions. The temperature is decreased by the absorption of 
moisture by the resin. Accordingly, when the fens comprised of the resin is used in an environment having 
an elevated temperature, for example near the lamp of a car, the lens must be thick so as to prevent the 
lens from being deformed by the heat. The necessity of being thick is disadvantageous from the viewpoint 
of manufacturing cost. Moreover, the refractive index of the polymethyl methacrylate resin Is as low as 1,49. . 
Accordingly, the focal distance of the lens comprised of the resin is of great length, thereby causing the 
manufacturing of a thin lens to be difficult. 

On the other hand, with respect to a polycarbonate resin, it has a drawback in that its light transmission 
Is as low as about 88 %. In the polycarbonate resin, a molecular orientation tends to occur, and hence a 
double refraction disadvantageously tends to occur. The polycarbonate resin has a low hardness In terms of 
Rockwell hardness or pencil hardness as defined later. Therefore, the lens comprised of the resin is 
susceptible to scratches, and when It Is used for a prolonged period of time. Its surface whitens, thereby 
bringing about the disadvantage of diffused reflection. 

An allyldiglycol carbonate resin which Is a thermosetting resin is generally used for producing a-lens. 
Due to the thermosetting properties, this resin is accompanied by shrinkage at the time when the lens is " 
being fabricated. Therefore, post-treatment is necessary for the resin. For the fore going reason, the major 
use of the allyldiglycol carbonate resin is limited to a lens for glasses. However, this resin is not useful for 
the fabrication of high-precision, mass-production lenses such as a finder lens, a condenser lens, a 
floodlight lens, an electric flash diffuser lens and a photographing lens for a camera, and such as a non- 
spherical surface lens and a television video projector lens which are employed with a compact disc player. 
The refractive Index of the allyldiglycol carbonate resin Is as tow as about 1 .50. Accordingly, as in the case 
of a polymethyl methacrylate resin, the focal distance of the lens comprised of this resin is of great length, 
and hence It is difficult to obtain a thin lens by the use of this resin. 



Summary Of The Invention 

With a view toward developing an optical element substrate which is free from the above-mentioned 
drawbacks of the conventional substrates, the present inventors have conducted extensive and intensive 
investigations. As a result, the present inventors have unexpectedly found that a random copolymer 
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comprising a methyl methacrylate unit, an aromatic vinyl compound unit, an unsaturated aBpha Uc acid unit 
and a hexagonal acid anhydride unit in specific weight proportions provides a substrate for an optica 
element such as an optical disc, a mirror, a lens and the like, which substrate has excellent heat resistance 
thermal stability, transparency, resistance to scratching and metal layer corrosion preventive properties and 
exhibit advantageously low double refraction and warpage. The present invention is based on this novel 
unexpected finding. "wvoi. 

Accordingly, it is an object of the present invention to provide a novel optical element substrate having 
excellent heat resistance, thermal stability, transparency, resistance to scratching and metal layer corrosion 
preventive properties and which advantageously exhibits low double refraction and warpage 

The foregoing and other objects, features and advantages of the present invention will be apparent from 
drL'nSsTwhSi-*'*'* description and appended claims taken in connection with the accompanying 

'5 Brief Description Of The Drawings 

disc- ^ ^ diagrammatic explanatory view illustrating the reading operation of one mode of an optical 

Rg. 2 is an enlarged diagrammatic plan view of a portion of one form of an optical disc- and 
f « ♦ !^ a diagrammatic cross-sectional view of another form of an optical disc in which both the 

front and bacit sides can be used for information recording. 

In Figs. 1. 2 and 3. like parts or portions are designated by like numerals. 
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According to the present invention, there is provided an optical element substrate comprising a random 
copolymer comprising (A) a methyl methacrylate unit. (B) an aromatic vinyl compound unit. <C) an 
unsaturated aliphatic acid unit and (D) a hexagonal acid anhydride unit of the formula- 



35 



40 



-CH, 



r1 

\ 



/ 



(I) 



lotfl f ^^'^ independently represent a hydrogen atom or a methyl group, the weight 

proportions of said units (A). (B). (0) and (D) relative to the total weight of said units (A). (B). (C) and ?D) 
^ being defined as a. b. c and d. respectively, which satisfy the formulae: w v m ; yu, 

a + b + c + d = 10O. 
88.9 2 a 2 40. 
56ib«:1, 
10 & c ^ 1. and 
50 50idfe9.i. 

!"2J!!!.®'®!" copolymer has a viscosity of from 0.002 to 0.01 Pa.s (2 to 10 cps) as measured 

at 25 C with respect to a 10 % by weight solution of the random copolymer in methyl ethyl ketone, 
tn Jq o7k^ methacrylate unit content (a) of the random copolymer is generally in the range of from 40 
L rfntont -.7'^ ."^""^ 40 to 75 % by weight, based on the weight of the copolymer. When 

^LTTT n ^""^^^^ comprised of the copolymer exhibits a 

disadvantageously high double refraction. The methyl methacrylate unit content is generally lower than 88.9 
.h«t *f f ®^«**y incorporation of other monomeric units into the copolymer. It is preferred 

that the content be lower than 75 % from the viewpoint of attaining a moisture absorption decrease and a 
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dimensional stability improvement for the ultimate optical element substrate. 

Examples of aromatic vinyl compound units (B) include those derived from an aromatic vinyl compound 
such as styrene. a-methylstyrene. p-methylstyrene and a mixture thereof. 

The aromatic vinyl compound unit (B) contributes mainly toward the elevation of the deformation 
5 temperature of the ultimate optical element substrate and the decrease of the moisture absorption of the 
substrate. The aromatic vinyl compound unit content (b) of the random copolymer to be employed in the 
present invention is generally in the range of from 1 to 56 % by weight, preferably from 15 to 35 % by 
weight, based on the weight of the copolymer. When the content is less than 1 %. the favorable effect of 
the unit on the above-mentioned moisture absorption decrease is lost, thereby causing the ultimate 
10 substrate to exhibit an undesirably high degree of warpage. On the other hand, when the content exceeds 
56 % by weight, the ultimate optical element substrate exhibits an undesirably high double refraction, and 
disadvantageousiy has a residual molding strain. 

Examples of unsaturated aliphatic acid units include ethyienically unsaturated aliphatic acid units which 
are derived from an ethyienically unsaturated aliphatic acid such as acrylic acid, methacrylic acid and a 
75 mixture thereof. The unsaturated aliphatic acid unit content of the copolymer is generally in the range of 
from 1 to 10 % by weight,' based on the weight of the copolymer. In producing the random copolymer, as 
described later, a preliminary copolymer comprising methyl methacrylate units, aromatic vinyl compound 
units and unsaturated aliphatic acid units is first produced and then cyclizatlon reaction is effected between 
an unsaturated aliphatic acid unit and the neighboring unsaturated aliphatic acid unit or methyl methacrylate 
20 unit to introduce a hexagonal acid anhydride unit of formula (!) as shown hereinbefore into the preliminary 
copolymer. During this reaction, the total amount of the unsaturated aliphatic acid units of the preliminary 
copolymer, are not subjected to the ring fonnatlon. A certain amount of the unsaturated aliphatic aid units 
remain unreacted, and hence, the unsaturated aliphatic acid unit content of the copolymer is generally not 
lower than 1 % by weight. On the other hand, when the unsaturated aliphatic acid unit content exceeds 10 
25 % by weight, the moisture absorption of the copolymer is high, thereby causing the ultimate optical element 
substrate to exhibit extreme warpage and poor dimensional stability. 

The content (d) of the hexagonal acid anhydride unit of formula (I) in the random copolymer is generally 
in the range of from 9.1 to 50 % by weight, based on the weight of the copolymer. When the content is 
lower than 9,1 %, the heat resistance and thermal stability of the ultimate optical element substrate are 
30 poor. On the other hand, when the content exceeds 50 % by weight the copolymer exhibits a poor 
fiowability at the time of molding, thereby causing the ultimate optical element substrate to have an 
undesirable residual strain. Also, the optical element substrate exhibits a disadvantageousiy high double 
refraction. 

The sum of the content (c) of the unsaturated aliphatic acid unit and the content (d) of the hexagonal 

35 acid anhydride unit in the random copolymer to be employed in the present invention generally satisfies the 
condition of 60 ^ c + d S 10.1. preferably 50 ^ c + d ^ 10.1. more preferably 25 ^ c + d ^10,1, in terms 
of % by weight based on the weight of the copolymer. When the sum is less than 10.1 % by weight, the 
deformation temperature of the copolymer is undesirably low. thereby causing the ultimate optical element 
substrate to have undesirable creep properties and to exhibit an unfavorable warpage. Especially, with 

40 respect to a lens, it becomes necessary to disadvantageousiy increase the thickness of the lens in order to 
cope with the problems brought about by the low deformation temperature of the copolymer. On the other 
hand, when the sum exceeds 60 % by weight, the moisture absorption of the copolymer is high, thereby 
causing the ultimate optical element substrate to exhibit disadvantageous warpage and double refraction, 
ivioreover, when the sum exceeds 60 % by weight, the copolymer has an undesirably low fiowability during ' 

45 the time the copolymer is being molded into an optical element substrate. 

The molecular weight of the random copolymer to be employed in the present invention is required to 
be within an appropriate range so that the copolymer has good molding properties as well as a high 
mechanical strength. In the present invention, the molecular weight of the random copolymer is defined by 
a solution viscosity for the copolymer, which is correlated with the weight average molecular weight of the 

so copolymer. The random copolymer to be employed in the present invention generally has a viscosity of 
from 2 to 10 cps, preferably from 3 to 6 cps. as measured at 25 "0 with respect to a 10 % by weight 
solution of the copolymer in methyl ethyl ketone. The measurement is carried out by means of a Gannon- 
Fenske viscometer. When the viscosity is lower than 2 cps, the copolymer is brittle. When the viscosity 
exceeds 10 cps, the ultimate optical element substrate which is comprised of the copolymer, exhibits an 

55 undesirable double refraction and the melt-flow properties of the copolymer are poor, which leads to 
difficulties in the molding of the copolymer into a substrate for an optical dis&'having a fine relief structure. 

The contents of the respective units (A) to (D) In the random copolymer to be employed in the present 
invention may be determined according to the following known techniques. The aromatic vinyl compound 

6 
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unit content of the copolymer may be determined by- proton NMR. The unsaturated aliphatic acid unit 
content o the copolymer may be determined by titration with an alkali. The hexagonal acid anhydride unit 
content ol the copolymer may be determined either by '3C NMR or by hydrolysis with pressurized water at 
abou 110 C so as to open the ring, followed by titration. The methyl methacrylate unit content of the 
5 copolymer may be determined by infrared spectrophotometry. 

The method for producing the random copolymer to be employed in the present inventtor. is not critical 
\ copolymer may be produced by conducting solution copolymerization. bulk 

copolymenzatlon or suspension copolymerization of the above-mentioned methyl methacrylate. aromatic 
vmyl compound and unsaturated aliphatic acid according to customary procedures, thereby obtaining a 
10 prel>mmary product comprising methyl methacrylate units, aromatic vinyl compound units and unsaturated 
aliphatic acid units and effecting cyclization reaction between an unsaturated aliphatic acid unit and the 
neighbonng unsaturated aliphatic acid unit or methyl methacrylate unit. i ana me 

In conducting the solution copolymerization. it is preferred to employ a solution prepared by dissolvina 
« SITTh T"*"'^. ""J'Prising methyl methacrylate. an aromatic vinyl compound and an unsaturated 
f H '° ^ 0' f'om 5 to 70 % by weight, based on the weight of the 

^^TL rZ'^^rj''^ of solvents may be used in the preparation of the solution. Generally however. 
nrZJr^ concentration of the unsaturated aliphatic acid in the solution is to be 15 % by weight or less. It is 
rJhT, mJh^rr??*; ^"'^'^ ^ to'"ene. xylene and ethylbenzene and a ketone 

«, ^nlnf ? K '^"""'y' *^ employed. On the other hand, when the 

^r,f "hT l*^^- ""'^^"^^♦^^ ^"P*'*"^ ^'^ the solution is to be more than 15 »/. by weight it is 
i^Z^J''"' the viewpoint of the solubility of the resulting copolymer in the solution that an ether such as 

meS2 Sno, ^ '"'^ ^ ^«^'"9 ' to « "^^^^o" atoms such as 

methanol, ethanol. isopropanol. n-butanol and cyclohexanol be employed 

« .vr^JIl^ '^"'i copolymerization of methyl methacrylate. an aromatc vinyl compound and an unsaturated 
I^ITJ"^' 'T'^ * monomeric free radical formed by heating or by radiation. Also, me bulk 
fTr^..»f1'°" ""^"^ be conveniently initiated by the use of a free radical forming catalyst. Examples of 

benzoyl peroxide: hydroperoxides such as cumene hydroperoxide: alkyi per. oxides such as di-t-butyl 
Z rnl''^T r 'o' ''^^ Peroxyacetate. t-butyl peroxylaurate and t-butyl peroxybenzoate: an^ 
30 azo compounds such as 2. 2'-a2obisisobutyronitrile. 

dl«thvilln!!ll'l";°'^'r^"^^*'°"- ^ ^"^'^ ^ '^y'^"®' ethylbenzene. ethyltoluene. ethylxylene. 

d ethy benzene and benzene may be added to the monomer mixture comprising methyl methacrylate. a,^ 
aromatic vinyl compound and an unsaturated aliphatic acid in an amount of from 2 to 20 % by weight 
as w^St.°" "'0"°'"®^ '"^'rture. in order to enable the resultant copolymer to have a desired molecular 

rat Jmo'r"'S" copolymerization of methyl methacrylate. an aromatic vinyl compound and an unsatu- 
r^ii^^^- ^ °' ^ polymerization initiator which has a low solubility in the 

^r^^rt^T' "^^'^ suspension copolymerization but has a high solubility in the 

40 Zhrn ».^T^ compnsmg methyl methacrylate, an aromatic vinyl compound and an unsaturated 
^u^^i r^Zin^ I'^^ °' r ' polymerizatien initiators include diacyl peroxides such as acetyl peroxide^ 
oSi.r?« 1^ P®™'^'*'® azo compounds such as 2.2'-azobisiso butyronitrile. A stabilizer 

optionally together «.th an auxiliary stabilizer may be added to the reaction sySem comprising the 
monomer m.xtoire. the reaction medium and the initiator in order to ensure desirable dispersion of the " 

« CuTZL""r KT ^'^^P'^^ °* stabilizers are water-soluble polymers. 

SlT^ Stabilizers comprising a powdery Inorganic compound sparingly soluble in water cannot be 
copolymer'"'' ^^^^ invention, since they adversely affect the transparency of the resultant 

d'sulfidraS/JS*'^?^"^**"" ""T"^^' ^ ""^'^""'^ '^"'^'"9 ^"cf' «s « mercaptan. a 

M „ f ^ ^ierpene may be added to the reaction system comprising methyl methacrylate. an 

rating copQlymT" ' ""saturated aliphatic acid in order to regulate ti?e molecular weigM of the 

rwMi^Lf '^'ll!"®' ^ '^^"^ *® copolymerization methods is subjected to a customary 

cSmer Lnd UJl ' ^ unsaturated aliphatic acid unit within Z 

5 cSvm! ,n « f unsaturated aliphatic acid unit or methyl methacrylate unit within the 

coSZ to "'^'^ ^''^'^"''^ °' ♦''«^''y tf'^ random 

? employed .n the present invention, With respect to the cyclization reaction, reference may 
be made to for example. Polymer, vol 1.. pages 125 to 134 (1880) 

The random copolymer to be employed In the present invention may be produced, for example as 
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follows. Methyl methacrylate. an aromatic vinyl compound and acrylic acid or methacryllc acid are 
dissolved in a solvent such as ethylbenzene. To the resulting solution. 1,1 -di-t-butylperoxycyclohexane is 
added as a polymerization initiator, thereby obtaining a reaction system. The reaction system is heated at 
about 130 ""C for a period of time such that the conversion of the monomer mixture to a copolymer 

5 comprising a methyl methacrylate unit, an aromatic vinyl compound unit and an acrylic acid or methacrylic 
acid unit becomes about 50 %. Subsequently, the reaction mixture is heated at a high temperature such as 
about 260 "C under a reduced pressure such as 1 to 10 Torr for 5 to 60 minutes, thereby attaining 
evaporation of the solvent and any monomer mixture remaining unreacted and simultaneously attaining 
cyclization due to an intramolecular condensation between an unsaturated aliphatic acid unit within the 

10 copolymer and a neighboring unsaturated aliphatic acid unit or methyl methacrylate unit within the 
copolymer. Thus, a random copolymer to be employed In the present invention is obtained. . 

In producing the optical elemerit substrate according to the present invention, at least one mennber 
selected from the group consisting of a phenol antioxidant a phosphite antioxidant, a phenol phosphite 
antioxidant and a Ihioether antioxidant may be added to the random copolymer as obtained by the above 

16 methods in order to improve the heat resistance of the copolymer. Of these antioxidants, a hindered phenol 
compound having a molecular weight of 350 or more is preferred. The loading amount of the antioxidant is 
not critical. However, from the viewpoint of obviating trouble, such as bubbling, at the time of molding the 
copolymer, it is generally preferred that the antioxidant be added to the copolymer in an amount of from 
100 to 10.000 ppm by weight relative to the weight of the copolymer. 

20 The term "hindered phenol compound" as used herein is intended to mean a phenol compound having 
a bulky substituent group at one or both of the ortho-positions. 

As a preferred example of the hindered phenol compound, there may be mentioned a phenol 
compound having a molecular weight of 350 or more and represented by the following general formula 



(II) 



wherein R' and R" each independently represent a hydrogen atom or an alky! group, R represents an 
organic substituent group. R"^ represents a hydrogen atom and R^ represents a t-butyl group. As the 
organic substituent group R"\ there may be mentioned as a preferable example, an organic substituent 
group containing therein one or more hindered phenol structures. 

Specific examples of hindered phenol compounds are given below: 

pentaerithrityKetrakis[3-(3.5-di-t-butyl-4-hydroxyphenyi)propionate] (molecular weight 1 176.6), 
1 ,1 ,3-tris(2-methyl-4-hydroxy-5-t-butylphenyl)-butane (molecular weight:544.83), 
n-octadecyl-3-{4'-hydroxy-3'.5'-di-t-butyl phenyl)propionate (molecular weight520.9). 
trls(3.5-di-t-butyl-4-hydroxybenzyl)isdcyanurate (molecular weight:712), 

triethylene glycol bis-3-(3-t-butyl-4-hydroxy-5-methylphenyl)propionate (molecular weight:586.8). 
4,4'-butylidene-bis(3-methyl-6-t-butylphenoi) (molecular weight:382.6), 
trls[/3-(3,5-di-t-butyi-4-hydroxyphenyl)proplonyloxyethyl]isocyanurate (molecular weight:1045), 
"4,4'Hmethylene-bis(2,6-di-t-butyl)phenol (molecular weight:425), 

1 ,3.5-tri-methyl-2.4.6-tris(3,5-di-t:butyl-4-hydroxybenzyl)benzene (molecular weight761 ,1 ), 
hexamethylene glycol bis(8-3.5-di-t-butyl-4-hydroxyphenyl)propionate (molecular weight:524.8) and 
bis[3,3-bis(4-hydroxy-3'-t-butylphenyl)butylic acid]glycol ester (molecular weight:795). 
Additives such as a release agent and an antistatic agent may optionally be added to the copolymer to 
be used for forming the optical element substrate according to the present invention as long as the additive 
used does not impair the transparency and any other physical properties of the substrate. 

Manufacturing of a substrate for an optical element such as an optical disc, a mirror or a lens from the 
random copolymer as obtained by the foregoing methods may be conducted according to the customary 
techniques known in the plastics industry. For example, the optical disc substrate according to the present 
Invention may be manufactured by molding the copolymer into a desired substrate form by means of an 
injection molding machine, a compression molding, an injection compression molding machine or an 
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extrusion molding machine using dies having an inner surface with a relief structure pattern as mentioned 
hereinbefore. The mirror and lens substrates according to the present invention may be manufactured by 
substantially the same method as mentioned above with respect to the optical disc, except that dies havina 
Hat inner surfaces are employed. An optical disc, a mirror and a lens may be fabricated from the optical 
5 disc, mirror and lens substrates, respectively, according to the customary techniques known in the art With 
respect to fabrication of an optical disc and a mirror, it is requisite that a reflective layer generally 
compnsed of a metal be applied to the substrate by the known techniques such as vacuum evaporation 
coating. 

Referring to an optical disc substrate which is a representative example of the optical element substrate 
w according to the present invention, particular explanation is made with respect to the procedures for 
manufactunng the same and to the properties of the ultimate product. 

As mentioned hereinbefore, a substrate comprised of a random copolymer having a viscosity of greater 
than 10 CPS as measured at 25 "C with respect to a 10 % by weight solution of the copolymer in methyl 
ethyl ketone by means of Cannon-Fenske viscometer exhibits a disadvantageously high double refraction A 
IS high double refraction causes the reflectivity of the laser beam for reading the information to inevitably 
decrease, thereby adversely affecting the reproducibility of the information, when the information recorded 
on an optical disc comprising the substrate of the copolymer is played back on a playback apparatus. From 
the viewpoint of the various mechanical restrictions of such a playback apparatus, the double refraction of 
the substrate for an optical disc is preferably not greater than 100 nm. 
20 It is known that double refraction is defined by various factors, but no clear relations have been 
established between double refraction and such factors. The present inventors have made intensive and 
expensive studies. As a result, the present inventors have found clear relations between the type 
composition and molecular weight of a copolymer resin and double refraction, and further the present 
mventors have found a copolymer resin which not only fulfills the requirements described hereinbefore, but 
25 also IS relatively ine>cpensive. that is. a resin most suitable for commercial purposes. 

Apart from the properties of a copolymer resin, the manufacturing method (molding method) for an 
optical disc substo-ate has significant influence on the double refraction of the ultimate optical disc substrate 
Of vanous molding methods such as injection molding, compression molding, injection/compression 
molding and extrusion molding, the injection molding is the most preferred method for molding an optical 
30 disc substrate from viewpoints of productivity, dimensional accuracy, etc. In injection molding, due to Its 
nature, the physical properties, and also the optical properties of the ultimate molded product in the 
direction of the resin flow, differs from ttiose in the direction at right angles to the direction of the resin flow 
That IS. the refractive index in the direction of resin flow (nl) differs from that in the direction at right angles 
to the direction of resin flow (n2) and the difference An= |n1.n2|is the double refraction index. Further, the 
35 molding conditions have an influence over the double refraction index An and the double refraction R. The 
relation between Sn and R is defined by the formula. 
R = An * d 

wherein d is tiie thickness of a test sample. 

The present inventors have examined the molding temperature which is considered to be of greatest 

40 influence over the double refraction. As a result, it has been found that when the molding temperature is 
increased, the double refraction of the resultant substrate is decreased. However, in this connection, it is to 
be noted that the increase in the molding temperature Is limited. That is. the temperature of the cylinder 
used for the molding must be less than the heat decomposition temperature of tiie copolymer resin, and the - 
temperature of the dies used for the molding must be less than the heat distortion temperature of the 

4S copolymer resin from ttie viewpoint of mold release facility. 

As a result of trial and error, it has been found that the following molding conditions are suitable for 
nianufactunng an optical disc substrate according to the present invention. The molding temperature is set 
at a point near the decomposition temperature of the resin. 

w'"'!?u*'"»!)l?I^/"^^ type '"jection molding machine (Dynameltbr M70A 0 manufactured 

50 and sold by MEIKI CO.. LTD.. Japan) 

Disc: disc dies for DAD (for a disc of 120 mm in diameter and 1.2 mm in thickness) 
Cylinder temperature: 300 "C. 320 'C 
Mold temperature: 70 'C. 

For example, using a random copolymer comprising 65 % by weight of methyl methacrylate units. 20 
/o by weight of styrene units. 4 % by weight of methacrylic acid units and 11 % by weight of hexagonal 
aad anhydnde units and having a viscosity of 5 cps as measured at 25 "C with respect to a 10 % by 
weight solution of the random copolymer in methyl ethyl ketone, molding may be conducted according to 
the above conditions, thereby obtaining optical disc substrates having pits on one side thereof and 
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exhibiting average double refractions R of 66 nm when the cylinder temperature is 300 *C and of 30 nm 
when the cylinder temperature is 320 **C. ' . * 

In order to fabricate an optical disc from the optical disc substrate, a reflective layer of a metal layer is 
formed on the side of the disc substrate having the pits by the use of known coating techniques such as 
vacuum evaporation coating. Examples of metals for forming the reflective metal layer include aluminum, 
gold, platinum, silver and copper. Of these, aluminum is preferred because of the low cost of the metal. 

The structure of the optical disc comprising the substrate of the present invention will be illustratively 
described with reference to the accompanying drawings. 

Referring to Rg. 1. numeral 1 indicates the copolymer substrate according to the present invention, 
numeral 2 indicates a metal reflective layer laminated by known coating techniques such as vacuum 
evaporation coating, and numeral 3 Indicates a convex portion of copolymer substrate layer 1. Convex 
portion 3 of copolymer substrate layer 1 corresponds to pit 4 of metal reflective layer 2. Pit 4 is designed 
so as to have a width of from about 1.0 to 1 .5 urn. a depth of from about 0.1 to 0.2 um and a length of from 
about 1.0 to 1.6 um. Pits 4 are closely arranged along a track which has an eddy as viewed from the top. 
An enlarged plan view of the arrangement of the pits is shown In Rg. 2. in which numeral 7 indicates flat 
portions of metal reflective layer 2. As shown in Rg. i , when laser beam 5 is directed to semitransparent 
mirror 6. half of the beam goes straight traversing the mirror. On the other hand, the other half of the beam 
goes vertically into copolymer substrate layer 1 to be reflected by metal layer 2, with the reflected beam 
returning to semitransparent mirror 6. The returned beam is reflected by semitransparent mirror 6 and 
follows the same path as the other half of the beam which has traversed transparent mirror 6, Accordingly, 
an optical-path difference (phase difference) from the reflection portion of the laser beam according to the 
concavoconvex pattern of metal reflective layer 2 is brought about between the half of the beam going 
straight through semitransparent mirror 6 and the other half of the beam having undergone reflection on 
metal layer 2 and advanced by way of semitransparent mirror 6. When the optical disc is rotated, the laser 
beam vertically getting into substrate layer 1 Is caused to hit on pits 3 in sequence according to the 
anrangement of pits 3. Therefore, the reflection of laser beam 5 is varied in accordance with the 
arrangement of pits 3 and, hence, the intensity of laser beam returns to a detector through semitransparent 
mirror 6 is varied. Thus, the Information recorded on the optical disc In the fonm of pits is detectedlri the 
fonm of variation in intensity of the laser beam returning to the detector. The thus detected signals are 
converted into electrical signals and then played back as sound or the like. 

A diagrammatic cross-sectional view of another form of an optical disc is shown in Rg. 3. in which both 
the front and back sides can be used for information recording. This optical disc may be manufactured by 
bonding together two optica! discs of the type described above using adhesive 8 in a manner such that the 
metal layers of the discs are adhered to each other. 

The properties of the optical disc substrate of the present invention satisfy the following requirements 
which an optical disc substrate Is desired to meet 



Qptical properties Transmittance of a laser beam having a wave length of 630 nm or 840 nm (resin 
thickness: 2.5 to 3.0 mm) 90 % or more 

Double refraction 100 nm or less 
Refractive index 1.5 ± 0.1 
Contaminants none 



Physical characteristics Heat distortion temperature 100 -'C or more 
Susceptibi!!^y to vacuum evaporation coating of aluminum Good 
Moldabllity Good 



Dimensional- accuracy and stability Thickness distribution + 0.1 mm 
Warpage (after 72 hr. at 45 'C. 90 %RH) 0.4 mm or less 



As is apparent from the foregoing description and the following Examples, the optical element substrate 
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according to the present invention has excellent heat resistance, thermal stability, transparency, resistance 
to scratching and metal layer con^osion preventive properties and exhibits advantageously low double 
refraction and warpage. This novel substrate can advantageously be employed as a substrate for an optical 
element such as an optical disc including a digital audio disc, a video disc and a disc capable of being 
5 directly read after recording, a mirror, a lens and the like. 

The optical and physical properties as indicated above and in Examples and Comparative Examples 
which will be given later were evaluated as follows. 

[1] Double refraction (the following items (1). (2) and (3) correspond to items (1). (2) and (3) in Table 
2 which will be given later.): 

^0 (1) Double refraction before storage: A substrate for an optical disc having no pits thereon 

(diameter; 120 mm. thickness: 1.2 mm) is prepared by molding. The disc is subjected to measurement of 
the double refraction in terms of retardation of He-Ne laser beam after double passes through the element 
by the Senarmont compensator method using a polarization microscope, XTP-i 1 (manufactured and sold 
by NIPPON KOGAKU K.K., Japan). The criteria are as follows. 

^5 O: less than 100 nm 

X: 100 nm or more 

(2) Double refraction after storage: The above-mentioned double refraction mieasurement is 
effected after allowing the disc to stand at 60 to 70 ''C for 7 days. 

O: Double refraction increase is within 1 %. 
20 X: Double refraction increase is more than 20 %. 

(3) Dependency of double refraction on the angle of the incident He-Ne laser beam: 
0: The double refraction is not dependent on the angle of the Incident laser beam. 

X: The double refraction greatly increases depending on deviation in angle of the incident laser beam 
from the angle normal to the surface of the substrate; 
25 [2] Heat resistance: 

The heat resistance is evaluated in terms of heat distortion temperature. The heat distortion • 
temperature (•€) is determined in accordance with JIS K 7207 under a load of 18.6 kg/cm^ The criteri^ are 
as follows. 

O: 100 or more 
30 X: less than 100 "C 

[3] Mold-pattern transferability: 
Using dies with an inner surface having pits each of 1 um In width. 1-1.8 um in length and 0.1-0.2 um 
in- depth, a copolymer is molded into an optical disc substrate. Transferability of the pit pattern of the dies 
to the substrate is visually evaluated using a microscope. The criteria are as follows. 
35 O: Pit pattern is completely transferred. 

A; There are places where the pit pattern is well transferred and also places where the transferability of 
the pit pattern is poor on the substrate. 

X: Transferability of the pit pattern is poor. 
[4] Transparency (Transmittance of a laser beam): 
40 The transmittance {%) of a laser beam is determined in accordance with JIS K 6718 (method A) using 

an intergrating-sphere photometer. 
O: 90 % or more 

X: less than 90 % - - 

[5] Contaminants: 

45 A copolymer is injection molded to prepare a plate of 2.5 mm in thickness. With respect to an area of 

200 cm2 of the plate, the number and size of contaminants are measured using a standard spot size gauge 
of Society of Radio Communication Machine Industry. When the number of contaminants having a diameter 
of 0.2 mm or more is 1 or less, it is evaluated that the plate has substantially no contaminants. The criteria 
are as follows. 
50 O: No contaminants 

X: Contaminants are present. 
[6] Adhesion to reflective layer formed by vacuum evaporation coating: 

An aluminum coating layer having a thickness of 1000 A is formed under a pressure of 10* to 10^ 
Torr on a substrate by the customary vacuum evaporation coating technique. Then, cut lines are drawn on 
55 the aluminum layer using a cutter in a lattice pattern, followed by a peel test using an adhesive tape, which 
is stuck to the cut lined layer and to which peeling force is applied. The criteria are as follows. 
0: No peel occurred. 
X: Peel occurred. 
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[7] Corrosion preventive property: 

A reflective layer of aluminum is coated on a substrate. Subsequently, an acrylic resin coating is 
applied onto the reflective layer, and crosslinking of the coating is conducted by irradiation of UV rays (UV 
coating). The resultant element is subjected to an environmental test at 65 under 90 %RH for 1000 hr 
5 to examine the corrosion in the reflective layer. The criteria are as follows. 
O: Not corroded. 
X: Corroded. 
[8J Warpage: 

(1 ) Optica! disc 

w X. ^" ^'^^ '® prepared by forming a pits-having substrate having a diameter of 12 cm and a 

thickness of 1.2 to 1.5 mm and then applying to one surface thereof an aluminum .film and further a UV 
coating. The thus prepared optical disc is put on a plate and allowed to stand at 45 «C under 90 % RH for 
72 hr. Then, the warpage (mm) of the disc is measured. The criteria are as follows. 
O: less than 0.4 mm 
75 X: 0.4 mm or more 

(2) Mirror 

A mirror is placed on the tops of two supports having the same height which are placed apart on a flat 
table. The height between the lower surface of the mirror and the surface of the table is measured by a dial 
gauge placed at the middle between the supports. This measurement is conducted before and after an 
environmental test at 23 -C under 80% RH for 22 days, and the difference in height is defined as warpage 
The criteria are as follows. k y • 

O: less than 0.4 mm 
X: 0.4 mm or more 
[9] Mechanical strength; 
25 Flexural strength (as measured according to ASTM D790) 
O: 500 kg/cm2 or more 
X: less than 500 kg/cm^ 

Tensile strength (as measured according to JIS K6870) 
O: 300 kg/cm2 or more 
30 X: less than 300 kg/cm^ 

[10] Themnal stability test: 

A tip having a length of 90 mm. a width of 49 mm and a thickness of 3 mm is molded by means of an 
injection molding machine [manufactured and sold by KATO SEISAKUSHO. Japan, model: K170S capacity- 
2,50 oz. screw structure: Dulmage two stage head (LyD = 20)] in a manner as follows. Pellets of a copolymer 
35 resin are fluxed by a screw while pulling back the nozzle, and then the revolution of the screw is stopped so 
as to cause the fluxed resin to be kept therein for 20 min. Then, the nozzle is moved forward and, after 
nozzle touch, the resin is injection molded into the tip. The resultant tip is examined as to whether or not It 
has bubble voids and silver streaks. The criteria are as follows. 
O: There are substantially no void and no silver streak. 
40 X: There are several voids of several mm in diameter, and several silver streaks. 
(1 1 ] Rockwell hardness 

Rockwell hardness is measured according to ASTM D785-65 method (corresponding to JIS K7202) 

[12] Pencil hardness (resistance to scratching) 
Pencil hardness (resistance to scratching) is evaluated according to JIS K5401 in terms of hardness of ' 
a pencil which can make scratches on an optical element substrate. A test sample is scratched with a pencil 
of a certain hardness five times at different portions, and if the sample suffers two or more scratches, the 
penal is changed to another having a hardness which is l-level loweTby hardness index than the same. 
The hardness of the pencil with which the sample suffers no scratch or only one scratch is regarded as the 
pencil hardness of the sample. The criteria are as follows, 
50 O: H or more in hardness 
X: B or less In hardness 
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Detailed Description Of The Preferred Embodiments 

This invention will now be described in detail with reference (o the following Examples and Comparative 
Exampes but they should not be construed to be limiting me scope of the present invention T^e 
S.^is^e^ndil:ated ''^'^"''^ Examples, all of "parts" and '% (percent)" are given on a weight basis unless 

Example 1 

A mixture was obtained by mixing 18 % of styrene. 11 % of methacrylic acid (MAA). 71 % of methvl 
methacrylate (MMA). 10 % of methyl ethyl ketone and 0.1 % of tert^odecylmercaptan. To the mil^e S 

m«.Sf kI''^**^/!;^;^'*'"^^'*'?:^^'^'-^''^ ^° ^^^^ concentration 

thereof became 1.000 ppm. The resultam mixture was continuously fed at a flow rate of 1 l;hr to a 2-liter 
perfect-mixing reactor having a jacket, where copolymerization was effected at 126 -C using 1 iKll-tert- 
buty peroxy-3;3.5.trimethylcyclohexane as an initiator. After completion of the copolymerization reaction, the 

r/rlho T"? ^"^ ^ '^'"^ ^ continuously fed to a high temperature vacuum 

chamber, thereby removmg the monomers remaining unreacted and effecting cyclization reaction so as to 
form a copolymer having hexagonal anhydride units. 

The content of each unit of the thus obtained copolymer was determined by titration. NMR and Infrared 
spectrophotometry. As a result, it was found that the copolymer consisted of 20 % of styrene units. 65 % of 
F^yHlr'^^T^'^T ""il^'* °' methacrylic acid units and 11 % of hexagonal acid anhydride units. 
Further, the copolymer had a solution viscosity of 4.5 cps as measured at 25 -C with respect to a 10 % 
soluton of the copolymer in methyl ethyl ketone using Cannon-Fenske viscometer No. 200 Then the 

Stored bvTn,rn'^'"H'^- ^"f T ""'^^ ^ ^"""^ °' « '0^ ^ 

fol owed by coo .ng under a stream of nitrogen. By measuring the solution viscosity of the thus obtained 

puK/enzed copo ymer m the same manner as mentioned above. H was found that the viscosity ef^ the 
copolymer remained to be 4.5 cps. »w»iiy w uie 

^.hJT^te .f"'"'^'^^'^ '° ^Wch the suitability of the copolymer for an optical disc 

substrate was evaluated. The particulars of the copolymer and test results of the tests are shown in Table 2 

Examples 2 to 10 

Copolymerization reaction and the subsequent treatments of the copolymer were effected in substan- 

sSwn^n Z!" .^""•^^ ^ proportions of the three monomers were varied as 

shown ,n Table 2. The particulars of the polymers and test-results of the tests are shown in Table 2 



Comparative Examples 1 and 2 

A polycarbonate resin [Panlite (trade mark) AD 5503. manufactured and sold by TEIJIN CHEMICALS. 
DiSTBv''rn f'S,'^'^^'^ tP«'P«* e^^^^ "'^^^ manufactured and sold by ASAHI CHEMICAL IN- 

uu&TRY CO. LTD.. Japan: having a solution viscosit,^ of 10 cps as measured at 25 -C with respect to a 10 

solution of the copolymer in methyl ethyl ketone] were subjected to measurements of the same 
properties as measured in Example I. The results are summarized in Table 2. 

Comparative Examples 3 to 10 

measuTrlC/L wtf"^"' I^'^ ^ ""^'^ ^''^P^''^^- "^^ ^^^^^^"^ copolymers were subjected to 
measurements of the same properties as measured in Example 1. The results are summarized in Table 2. 
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Example 1 1 and Comparative Example 1 1 

A copolymer consisting of 65 % of MMA units. 20 % of styrene units, 4 % of methacrylic acid units and 
11 % of hexagonal acid anhydride units and having a solution viscosity of 4.5 ops as measured at 25 »C 
with respect to a 10 % solution of the copolymer In methyl ethyl ketone was prepared. To the copolymer, n- 
octadecyl-3-(4'-hydroxy-3'.5'-dl-t-butylphenyl)proplonate was added as an antioxidant in a concentration of 
1,000 ppm. The resultant copolymer composition was injection molded at 255 "C into a substrate for a 
mirror. 

Separately, for comparison, a polymethacryl resin (Delpet 80N. manufactured and sold by ASAHi 
CHEMICAL INDUSTRY CO., LTD., Japan) was Injection molded at 240 "C into a substrate for a mirror. 

A reflective layer having a thickness of about 1 ,000 A of aluminum was formed on each of the thus 
obtained substrates by vacuum evaporation coating under a pressure of 1 ^ 10* Torr, thereby obtaining 
min-ors each having a size of 230 mm ^ 60 mm ^ 3 mm. The thickness of the aluminum layers was 
obtained by controlling the vacuum evaporation time. 

When each of the above obtained mirrors was subjected to the measurement of warpage, the mirror 
comprised of the substrate made of the polymethacryl resin was found to have a warpage of about 5 mm. 
Such a mirror is disadvantageous because a considerable distortion would be caused in the reflected 
image. By contrast, the mirror comprised of the substrate according to the present invention was found to 
have a warpage of 0.2 mm or less, substantially not affecting the reflected image and causing no glare. 

Example 12 and Comparative Examples 12 and 13 

A copolymer consisting of 65 % of MMA units. 20 % of styrene units. 4 % of methacrylic acid units and 
11 % of hexagonal acid anhydride units and having a solution viscosity of 4.5 cps as measured at 25 "C 
with respect to a 10 % solution of the copolymer in methyl ethyl ketone was prepared. To the copolymer, n- 
octadecyh3-(4'-hydroxy-3'.5'<li-t45utylphenyl)pnDpionate was added as an antioxidant in a concentration of 
1.000 ppm. The resulting copolymer composition was injection molded at 290 *C into a substrate for a 
convex lens having a diameter of 15 cm and a maximum thickness of 2.5 cm. 

Separately, for comparison, a polymethacryl resin (Delpet SON. manufactured and sold by ASAHI 
CHEMICAL INDUSTRY CO., LTD., Japan) and a polycarbonate resin (Panllte 1250. manufactured and sold 
by TEIJIN CHEMICALS, LTD.. Japan) were injection. molded at 250 "C and 330 "C. respectively, into lens 
substrates each having a diameter of 15 cm and a maximum thickness of 2S cm. 

Subsequently, the above obtained lenses were subjected to measurements of transparency, heat 
resistance and hardness. The results are shown in Table 3. 
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Table 3 



Trans- Heat Hardness 





parency 


resis- 
tance 


Rockwell 
hardness 


Pencil 
hardness 


Copolymer 
resin of the 
preseifit 
invention 


O 


0 


O 


•'0 , 


Polymethacry 1 
resin 

(Delpet BON) 


0 


X 


O 


0 


Polycarbonate 
resin 

(Panlite 1250) 


X 


o 


X 


X 



In addition, since the polymethacryl resin had a refractive index of as small as 1.49, the focal length of 
the lens substrate made of the polymethacryl resin was long and the thickness thereof was inevitably large. 
By contrast, since the lens substrate according to the present invention had a refractive index as high as 
1.521. the focal length of the lens was short and the thickness thereof was advantageously small. 



Claims 



35 



1. A substrate for an optical element comprising a random copolymer comprising (A) a methyl 
methacrylate unit. (B) an aromatic vinyl compound unit. (C) an unsaturated aliphatic acid unit and (D) a 
hexagonal acid anhydride unit of the fomnula: 



40 



45 



-r1 

^^2— cT ^c - 



(I) 



wherein and R2 each independently represent a hydrogen atom or a methyl group, 
the weight proportions of said units (A). (B). (C) and (D) relative to the total weight of said units (A). (B). 
(C) and (D) being defined as a. b. c and d. respectively, which satisfy the formulae: 
a + b + c + d = 100. 
88.9 ^ a i 40,. 

lOkckl.and 

50 2: dk 9.1.- 

and wherein said random copolymer has a viscosity of from 0.002 to 0.01 Pa.s (2 to 10 cps) as measured 
at 25 •C at a 10 % by weight solution of the random copolymer in methyl ethyl ketone. 

2. The substrate according to claim 1, wherein said c and d" satisfy the condition of 50 ^ c + d k 10.1. 
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3. The substrate according to claim 1 or 2. wherein 'said substrate is in the form of a substrate for an 
optical disc. 

4. The substrate according to claim 1 or 2. wherein said substrate is in the form of a substrate for a 
mirror. 

5 5. The substrate according to claim 1 or 2. wherein said substrate is in the form of a substrate for a 
lens. 

6. The substrate according to any of the claims 1 to 5, wherein said proportions a. b. c and d satisfy the 
formulae: 

75 ^ a ^ 40. 
10 35 ^b^15, 

lO^c^ 1. 
20^d^9.1.and 
25 ^ C + d > 10.17 

7. The substrate according to any of the claims 1 to 6. wherein at least one member selected from the 
IS group consisting of a phenol antioxidant, a phosphite antioxidant, a phenol phosphite antioxidant and a 

thioether antioxidant is present in said random copolymer In an amount of from 100 to 10.000 ppm by 
weight relative to the weight of the copolymer. 

8. The substrate according to claim 7, wherein said phenol antioxidant is a hindered phenol compound 
having a molecular weight of 350 or more. 

20 9. The substrate according to any of the claims 1 to 8. wherein said aromatic vinyl compound unit is 
derived from at least one member selected from the group consisting of styrene. a-methylstyrene and p- 
methylstyrene. 

10. The substrate according to any of the claims 1 to 9, wherein said unsaturated aliphatic acid unit is 
an ethylenically unsaturated aliphatic acid unit. 
25 11. The substrate according to claim 10. wherein said ethylenically unsaturated aliphatic acid unit is 
derived fronrvat least one member selected from the group consisting of acrylic add and methacrylic acid. 
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\ FIG. I 
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FIG. 3 
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